The purpose of this study was to investigate the findings of diffuse periportal enhancement in the liver on hepatobiliary phase gadoxetate disodium-enhanced magnetic resonance images by comparing with the finding of periportal hyperintensity on T2-weighted images and to reveal their clinical significance.
Introduction
Diffuse liver diseases include a wide range of diseases with various etiologies such as storage, vascular, and inflammatory disorders. [1] [2] [3] [4] [5] The clinical diagnosis of these diseases is generally based on clinical presentation, blood tests including serological assays, and histopathological evaluation. [3] [4] [5] Of these, histopathological evaluation by means of liver biopsy is the standard reference for the diagnosis of diffuse liver diseases. [3] [4] [5] However, liver biopsy is an invasive procedure involving potential complications [6, 7] and can result in sampling errors since only a tiny fraction of the liver can be captured. [8, 9] Several studies have found that imaging study can also play a beneficial role in the diagnosis of diffuse liver diseases. [10] [11] [12] [13] [14] [15] [16] Gadoxetate disodium is a liver-specific contrast agent for magnetic resonance (MR) imaging. [17] [18] [19] [20] [21] [22] Many researchers have subjected gadoxetate disodium-enhanced MR imaging to rigorous investigations and have found its diagnostic performance is superior for the detection and characterization of focal liver lesions. [23] [24] [25] [26] [27] [28] For diffuse liver diseases, several studies have examined the usefulness of gadoxetate disodium-enhanced MR Editor: Takayuki Masui.
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imaging, and then mainly as a functional imaging tool for staging hepatic fibrosis. [29, 30] In our clinical practice, we came across the relatively uncommon finding of diffuse periportal enhancement patterns in the liver on hepatobiliary phase gadoxetate disodiumenhanced MR images showing relatively higher enhancement areas around the portal tracts and lower enhancement of the remaining areas of the liver. Several studies have investigated periportal signal abnormalities on T2-weighted images, which predominantly reflected periportal edema. [9, [12] [13] [14] [31] [32] [33] However, only 1 study has addressed the findings of periportal signal abnormalities on images obtained with hepatobiliary contrast agents. [34] The purpose of this study was therefore to investigate the finding of diffuse periportal enhancement in the liver on hepatobiliary phase images by comparing with the finding of periportal hyperintensity on T2-weighted images and other image findings and to explore the possible relationships between the image finding and corresponding liver conditions in reference with clinical data.
Materials and methods

Study population
A total of 1655 consecutive patients who underwent gadoxetate disodium-enhanced liver MR imaging for the evaluation of focal or diffuse liver diseases between April 2010 and April 2012 were eligible for this retrospective study. One abdominal radiologist (blinded data) with 15 years of experience retrospectively evaluated the hepatobiliary phase MR images of all the patients focusing on the presence or absence of intrahepatic diffuse periportal enhancement finding. Subsequently, 19 of 1655 patients showed the finding on the hepatobiliary phase images, who constituted the study population. Approval of the local institutional ethics board was waived by the chairman of the institutional ethics committee since all studies were performed as part of the clinical diagnostic workup for liver disease.
Liver MR imaging
MR imaging was performed on a 1.5-T (Magnetom Avanto or Magnetom Aera; Siemens Healthcare, Erlangen, Germany) or a 3.0-T system (Magnetom Verio; Siemens Healthcare) with phased array coils centered over the liver.
The standard liver MR protocol at our institution consists of T1-, T2-and diffusion-weighted images, contrast-enhanced dynamic images (precontrast, arterial, portal venous, and late venous phase), and hepatobiliary phase images obtained 20 minutes after injection of the contrast agent. For contrast enhancement, 10 mL of gadoxetate disodium (Primovist; BayerSchering Pharma AG, Berlin, Germany) was administered intravenously at 1 mL/s, followed by 20 mL of a saline flush. Acquisition parameters are listed in Table 1 .
Qualitative image analysis
The intrahepatic diffuse periportal enhancement finding was assessed on whether it corresponded to periportal hyperintense patterns on T2-weighted images or not in the location, and the cases were classified into 2 groups according to this characteristic: corresponding periportal enhancement pattern and noncorresponding periportal enhancement pattern. Signal intensities at the periportal area and its surrounding area were assessed on T1-, T2-, diffusion-weighted, and dynamic images in detail. In addition, the presence or absence of hepatic steatosis was determined on the basis of the findings of in-and opposed-phase T1-weighted gradient echo imaging. Enhancement of biliary tracts during the hepatobiliary phase was also evaluated.
Furthermore, possible associations between these findings and the final diagnoses based on the clinical course and on laboratory findings including serological data and/or histological findings were explored.
Quantitative image analysis
The signal intensities of the liver at the periportal areas and the remainder and the spleen parenchyma were measured. The regions of interest (ROIs) for the liver and spleen parenchyma, not including the large vessels, were placed on the axial precontrast and hepatobiliary phase images at the same location. For each area, 2 ROIs, each measuring 0.5 to 1.0 cm 2 , were evaluated and the values averaged. For assessment of enhancement of the liver parenchyma, the liver-spleen relative Respiratory-triggered acquisitions were used for turbo spin-echo T2-weighted and diffusion-weighted imaging, in which TR varied according to the patient's respiratory cycle. 2D = two-dimensional, 3D = three-dimensional, EPI = echo-planar imaging, GRE = gradient-echo, HBP = hepatobiliary phase image, MR = magnetic resonance, SSTSE = single-shot turbo spin-echo, TE = echo time, TR= repetition time, TSE = turbo spin-echo.
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enhancement ratio was calculated with the following equation:
Liver À spleen relative enhancement ratio ¼ ðSI HBP; liver=SI pre; liverÞ ðSI HBP; spleen=SI pre; spleenÞ where SI = signal intensity, HBP = hepatobiliary phase, and pre = precontrast.
The liver-spleen relative enhancement ratios for the patients with periportal enhancement were compared with those for ten patients without evidence of diffuse liver disease selected with frequency match on age decade (ie, normal control group). The ratio of the normal control group to corresponding periportal enhancement group or noncorresponding periportal enhancement group was one to one, respectively.
Statistical analysis
The laboratory data were compared between corresponding and noncorresponding periportal enhancement groups with Welch t test. The liver-spleen relative enhancement ratios for the patient groups with periportal enhancement and the control group were compared by means of a multiple comparison test (Dunnet procedure). A P-value of less than .05 was considered to indicate a significant difference.
Results
In 7 of the 19 patients, periportal enhancement areas corresponded with the periportal hyperintensity areas on T2-weighted images (ie, corresponding periportal enhancement pattern, type A). In the remaining 12 patients, the finding of periportal T2-hyperintensity was absent (type B, n = 4) or the periportal enhancement areas located immediately external to the periportal T2-hyperintense areas (type C, n = 8) (ie, noncorresponding periportal enhancement pattern). Schematic illustrations of these periportal enhancement patterns on hepatobiliary phase are shown in Figure 1 . Table 2 shows signal intensities at the periportal areas on each imaging sequence. Two of the 12 patients in the noncorresponding enhancement group showed hypointense periportal halo signs on the T2-weighted images, which did not completely correspond to the enhanced areas. Although 4 patients (2 in the corresponding group and 2 in the noncorresponding group) were suspected of having liver steatosis based on the findings of in-and opposed-phase T1-weighted images, none of these patients showed inhomogeneous fat deposition or focal fatty sparing with a periportal predominance. Hepatobiliary phase images showed good enhancement of the biliary tracts in 1 of the corresponding group and in 11 of the noncorresponding group but poor enhancement in the remaining patients of both groups. Patient backgrounds and final diagnoses of their liver disorders are listed in Table 3 . In the corresponding enhancement group, 2 were diagnosed with autoimmune hepatitis (Fig. 2), 3 with autoimmune hepatitis or drug-induced hepatitis (or primary Signal intensities at the periportal areas on each sequence in patients with diffuse periportal hepatobiliary enhancement. N/A = not applicable (periportal T2-hyperintense areas were absent or too small in these patients), sl. = slightly, SA = surrounding area (immediately external to theT2-hyperintense area), T2HA = T2-hyperintense area, w.i. = weighted imaging.
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Medicine biliary cirrhosis), 1 with acute exacerbation of chronic hepatitis B and 1 with acute alcoholic steatohepatitis. In the noncorresponding enhancement group, 2 were diagnosed with primary sclerosing cholangitis (Fig. 3) , 1 with autoimmune hepatitisprimary biliary cirrhosis overlap syndrome (Fig. 4) , 1 with cryptogenic cholestatic chronic hepatitis, 1 was clinically suspected of having autoimmune cholangitis, 1 of having azathioprine-induced liver cirrhosis, 2 were diagnosed with alcohol-related (and hepatitis C virus-induced) liver cirrhosis, 3 with liver cirrhosis with unclear etiology, and 1 with cholestatic hepatopathy associated with Crohn disease. The mean total bilirubin level in the corresponding periportal enhancement group (11.2 mg/dL) was significantly higher than that in the noncorresponding group (1.3 mg/dL, P < .05). The mean aspartate aminotransferase and alanine aminotransferase levels in the corresponding group (1022 IU/L and 1168 IU/L, respectively) were also higher than those in the noncorresponding group (57 IU/L, 63 IU/L), although the difference did not reach statistical significance (P = .11 and .09, respectively). The quantitative image analyses yielded a mean liver-spleen relative enhancement ratio of 0.94 ± 0.09 in the corresponding enhancement group, and of 1.47 ± 0.33 at the periportal enhancement area and 1.27 ± 0.28 at the remainder of the liver parenchyma in the noncorresponding enhancement group. These ratios were lower than for the normal control (1.91 ± 0.30) with statistically significant differences (P < .01 for all). As for the www.md-journal.com corresponding enhancement group, the signal intensities at periportal enhancement areas were not evaluated, since those areas were too small for the placement of ROIs in most cases.
Discussion
The diffuse periportal enhancement finding during the hepatobiliary phase corresponded with periportal T2-hyperintensity in the location in 7 of 19 patients. In the remaining 12 patients, periportal enhancement and T2-hyperintensity findings were present at different locations or periportal T2-hyperintensity finding was not observed.
In the cases with a corresponding periportal enhancement pattern, the periportal enhancement area showed hyperintensity on T2-weighted images and no or minimal enhancement during the arterial and portal venous phases. The finding of periportal hyperintense appearance on T2-weighted images indicates periportal edema. [32] Periportal edema reflects the layer of loose connective tissue surrounding the portal veins (ie, Glisson capsule) expanded by inflammation or other conditions. [31] [32] [33] Therefore, the corresponding periportal enhancement during the hepatobiliary phase can be considered as delayed enhancement of the periportal loose connective tissue. Periportal edema is often seen in patients with acute viral hepatitis. [10, 35] In the present study, the corresponding enhancement group included various liver conditions with hepatitis such as viral hepatitis and autoimmune hepatitis. The greatly elevated total bilirubin, aspartate aminotransferase, and alanine aminotransferase levels The mean relative liver-spleen enhancement ratios during the hepatobiliary phase markedly decreased in the corresponding enhancement group. In addition, most patients in the group showed poor enhancement of the biliary tracts. It is considered that the periportal area showed relatively higher intensity than surrounding liver parenchyma due to its severe deterioration of hepatobiliary enhancement. When the liver parenchyma is normally enhanced during the hepatobiliary phase, the delayed enhancement of periportal edema may be masked by the stronger enhancement of the liver parenchyma.
In the cases with noncorresponding periportal enhancement, the periportal enhancement pattern was not consistent locationally with any of abnormal signal intensities on T1-and T2-weighted, arterial, and portal venous phase images. During the arterial and portal venous phase, the signal intensities at periportal enhancement areas were equivalent to those at the remainder of the liver parenchyma in the non-corresponding enhancement group, unlike those in the corresponding enhancement group. The periportal enhancement area is considered part of liver parenchyma in the noncorresponding enhancement group since it shows the same perfusion appearance as the reminder in the dynamic study. The mean relative liver-spleen enhancement ratios, both at the periportal enhancement areas and at the remainder of the parenchyma in the noncorresponding enhancement group, were lower than those for the patients with normal liver. Our results are consistent with those of a previous study reported by Kobayashi et al . [34] Hence, the noncorresponding periportal enhancement is also considered relatively high intensity due to poor enhancement of the remaining liver parenchyma. We speculate that the enhancement pattern at periportal area during the hepatobiliary phase could be due to a difference of uptake function for gadoxetate disodium (eg, expression of organic anion transporting protein), regional biliary ductular proliferation, and chronic congestion. From our present perspective, however, it is difficult to determine the pathological condition corresponding to periportal liver parenchyma enhancement. Further investigations using pathological and molecular biological approaches will be needed to clarify the causes of this enhancement pattern in diffuse liver diseases.
Our result revealed that diseases of the corresponding enhancement group differed from those of the noncorresponding enhancement group. Specifically, the former was associated with active inflammation such as hepatitis and the latter was predominantly associated with a chronic change such as cirrhosis. Therefore, the classification of these periportal enhancement patterns based on the consistency with periportal hyperintensity on T2-weighted images may help to make a differential diagnosis of disuse liver diseases.
Our study has various limitations. First, as in the case of some previous studies, [10, 32, 33, 35] a potential limitation of our study could be the lack of histologic evidence for some of the diffuse liver diseases described and discussed here. Several diffuse liver diseases such as acute viral hepatitis were, however, properly diagnosed based on the clinical findings and blood test results including serological assays and without access to histologic findings. Second, even in biopsied cases, the location of the biopsy sites, whether in periportal areas or the remainder of the liver parenchyma, were not identified because of the retrospective nature of this study. Third, the sample size of the patients with periportal enhancement patterns included in our study population was small, because of the rare nature of these findings. Finally, changes in image findings following changes in the clinical course were not assessed in this study, although a majority of diffuse liver diseases culminate in liver cirrhosis, and the clinical stage of these diseases may affect the image findings. [14] In conclusion, the rare finding of diffuse periportal enhancement during the hepatobiliary phase does not always correspond to the periportal hyperintensity finding on T2-weighted images. In the classification based on the consistency with the finding on T2-weighted images, each periportal enhancement pattern is observed in different categories of liver diseases. Appropriate recognition of these periportal enhancement patterns can be helpful for differential diagnosis of diffuse liver diseases.
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